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ADHESION  OF  CEMENT  MORTARS • 
INTRODUCTION. 

Since  it  is  sometimes  desirable  to  know  the  adhesive 
strength  of  cement  mortars,  some  tests  were  made  by  the  writer 
to  determine  the  adhesion  of  cement  mortars  to  limestone  and 
steel.    A  record  of  these  tests  will  be  found  on  the  following 
pages. 


2 

PREPARATION  OF  TEST  SPECIMENS. 

To  determine  the  adhesive  strength  of  the  mortars,  pieces 
of  limestone  or  steel  were  placed  in  the  breaking  section  of  stand-i 
£xrd  briquette  molds  and  then  the  molds  were  filled  with  mortar. 
The  limestone  test  pieces  were  approximately  one  inch  square  and 
from  one  eigth  to  one  quarter  of  an  inch  in  thickness.    In  order 
to  determine  the  effect  of  the  character  of  the  surface  of  the 
test  pieces  on  the  adhesion  of  the  mortars,  two  kinds  of  limestone 
test  pieces  were  used,  namely,  test  pieces  having  sawn  faces  and 
test  pieces  having  quarry  faces.    To  prevent  the  limestone  test 
pieces  from  absorbing  moisture  from  the  mortars  and  thus  reducing 
the  adhesive  strength,  they  were  placed  in  water  from  20  to  30 
minutes  before  being  put  into  the  molds.    The  steel  test  pie'^es 
were  one  inch  square  by  one  sixteenth  of  an  inch  thick, being  cut 
from  1"  X  1/16"  reinforcing  metal. 

The  mortars  were  made  with  cement  and  sand  in  the  propor- 
tions 1:0,  1:1,  l!2,  and  1:3.    The  cement  was  Chicago  AA  Portland. 
The  sand  was  obtained  from  pits  near  Urbana,     It  had  been  screened 
thru  a  No.  10  sieve  and  contained  much  course  and  fine  material 
with  a  deficiency  of  intermediate  sizes. 

The  briquettes  were  tested  at  7,  28,  and  56  days. 

In  making  these  tests  it  was  found  necessary  to  use  two 
different  testing  machines:  for  all  cohesive  tests  and  for  the 
stronger  adhesive  tests  a  Riehle  Automatic  testing  machine  was 
used;  and  for  all  the  weaker  briquettes  a  small  Fairbanks  machine 


was  used.     In  tlie  Riehle  machine,  the  load  was  applied  at  the  rate 
of  600#  per  minute,  but  in  the  Fairbanks  machine  the  rate  was  only 
180#  per  minute.    The  results  therefore  are  not  strictly  compar- 
able thruout    as  the  briquettes  tested  in  the  Riehle'  machine 
would  have  shown     less     strength  if  tested  in  the  Fairbanks 
machine. 

ADHESION  OF  CEMENT  MORTARS  TO  SAWN  LIMESTONE. 

Table  1  and  Plate  1  show  the  results  of  tests  of  the  ad- 
hesion of  the  mortars  to  sawn  limestone  and  also  the  results  of 
the  tests  of  the  tensile  strength  of  the  mortars.    The  results 
given  for  the  adhesive  strength  of  the  1:0  mortar  are  not  the  ac- 
tual value  of  that  strength  but  the  breaking  strength  of  the  bri- 
quettes, the  fracture  occuring  partly  in  the  test  piece  itself  and 
partly  along  the  surface  of  contact  of  the  mortar  and  the  test 
pieces.    The  adhesive  strength  of  the  1:0  mortar  is  therefore 
somewhat  higher  than  the  value  given  in  the  table. 

An  examination  of  Table  1  and  Plate  1  shows  that  the  adhe- 
sive strength  of  any  given  mortar  increases  with  age  and  that  this 
increase  is  less  rapid  but  more  uniform  than  that  of  the  cohesive 
strength.    Table  2  shows  the  adhesive  strength  in  per  cent  of  the 
cohesive  strength  for  the  various  mortars  and  ages.    From  the  re- 
sults shown  in  this  table  we  conclude  that  the  adhesive  strength 
is  approximately  50  per  cent  of  the  cohesive  strength  for  mortars 
containing  50  per  cent  or  less  of  sand  and  about  15  or  20  per  cent 
for  leaner  mortars. 


TABLE  1. 

Adhesion  of  Cement  Mortars  to  Sawn  Limestone  and 
Cohesive  Strength  of  Mortars  in  Pounds  per 


Square  Inch. 


21.6 

13.15 

10.8 

9.6 

Mortars 

1:0 

1:  ] 

1:2 

1:3 

Age 

Ad. 

Co. 

Ad. 

Co. 

M. 

Co. 

Ad. 

Co. 

7  days 

340 

730 

100 

250 

22 

190 

24 

115 

285 

360 

100 

300 

20 

170 

26 

160 

420 

675 

175 

250 

28 

170 

30 

125 

270 

670 

80 

280 

38 

180 

19 

150 

320 

615 

240 

31 

195 

32 

145 

Mean 

327 

664 

114 

264 

28 

181 

26 

139 

28  days 

180 

800 

125 

275 

47 

225 

31 

190 

320 

715 

80 

340 

37 

250 

35 

190 

390 

860 

240 

290 

45 

550 

31 

205 

360 

820 

150 

275 

25 

230 

39 

205 

350 

790 

320 

63 

235 

Mean 

355 

797 

149 

300 

43 

258 

34 

198 

56  days 

405 

780 

190 

400 

37 

250 

57 

240 

420 

780 

85 

490 

47 

305 

37 

210 

360 

880 

180 

400 

25 

260 

57 

220 

390 

830 

80 

555 

57 

265 

57 

200 

320 

740 

90 

445 

57 

310 

47 

225 

Mean 

397 

802 

125 

458 

45 

278 

51 

219 

TABLE  2. 

Adhesion  of  Cement  Mortars  to  Sawn  Limestone  in 


Per  cent  of  Cohesive  Strength  of  Mortars. 


Mortars 

1:0 

1:1 

1:3 

7  days 
28  days 
56  days 

49.3 
44.5 
49.5 

43.2 
49.5 
27.5 

15.5 
16.7 
16.3 

18.7 
17.2 
23.3 
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ADHESION  OF  CEMENT  MORTARS  TO  QUARRY  FACED  LIMESTONE. 

Table  3  and  Plate  2  shows  the  results  of  tests  of  the  ad- 
hesion of  the  cement  mortars  to  quarry  faced  limestone.  Apparent- 
ly these  results  are  very  inconsistant  since  they  seeni  to  follow 
no  definite  law  either  as  regards  age  or  amount  of  sand.  However 
a  careful  study  of  all  the  tests  including  the  manner  of  making 
them  and  an  examination  of  the  results  obtained  by  others  seems 
to  show  beyond  a  doubt  that  the  irregularity  of  these  results  is 
due,  not  to  errors  in  making  the  tests,  but  to  the  actual  irreg- 
ularity of  the  adhesive  strength  of  the  cement  mortars.    The  tests 
of  the  1:0  mortar  were  not  extended  to  28  or  56  days  owing  to  the 
fact  that  the  adhesive  strength  of  the  cement  was  greater  than 
the  cohesive  strength  of  the  limestone  and  because  the  cohesive 
strength  of  the  test  pieces  had  been  so  much  reduced  in  preparing 
them  that  the  results  would  be  valueless  even  for  comparison  with 
the  corresponding  tests  with  the  sawn  limestone. 

Table  4  shows  the  adhesive  strengths  of  the  mortars  in  per- 
cent of  their  cohesive  strengths.    In  general,  the  adhesive 
strength  of  the  1:0  mortar  may  be  placed  at  something  over  40  per- 
cent of  its  cohesive  strength  while  the  adhesive  strengths  of  the 
other  mortars  may  be  placed  at  from  15  to  25  per  cent  of  their 
cohesive  strengths  depending  upon  the  richness  of  the  mortar.  A 
comparison  of  Table  4  with  Table  2  and  an  examination  of  Plate  3 
shows  that  in  general  the  adhesive  strength  of  the  various  mortars 
was  not  increased  by  roughing  the  surface  of  the  test  pieces. 
That  the  strength  is  not  increased  is  undoubtly  due  to  the  fact 


TABLE  3. 

Adhesion  of  Cement  Mortars  to  Quarry  faced  Limestone 


in  Poimds  per  Square  Inch. 


%  water 

21.6 

13.15 

10.8 

9.6 

ill  \J  X.   \J  v.'^A  w 

1:0 

It  1 

1:2 

1:3 

AcrP 

Ad. 

Co. 

Ad. 

Co . 

Ad. 

Co . 

Ad. 

Co . 

730 

c  o 
DO 

OCA 

4U 

i9U 

15 

115 

160 

630 

88 

300 

26 

170 

14 

160 

240 

675 

52 

250 

26 

170 

22 

125 

280 

670 

100 

280 

40 

180 

16 

150 

300 

615 

60 

240 

54 

195 

24 

145 

W  fin 

253 

664 

74 

264 

37 

160 

18 

139 

<oO  CLdiyo 

68 

275 

44 

225 

33 

190 

0  / 

oo 

11/ u 

64 

390 

30 

350 

33 

205 

50 

275 

38 

230 

34 

205 

92 

320 

36 

235 

35 

Mean 

68 

300 

39 

258 

33 

198 

56  days 

64 

400 

45 

250 

46 

240 

38 

490 

105 

350 

56 

210 

74 

400 

70 

260 

34 

220 

66 

555 

75 

265 

18 

200 

52 

445 

65 

310 

18 

225 

Mean 

59 

458 

72 

278 

34 

219 

TABLE  4. 

Adhesion  of  Cement  Mortars  to  Quarry  faced  Limestone 


in  Per  cent  of  Cohesive  Strength  of  Mortars. 


Mortars 

1:0 

1:1 

1:2 

1:3 

7  days 
28  days 
['.'6  days 

38.2 

28.0 
22.6 
12.9 

20.4 
15.1 
25.9 

13.0 
16.7 
15.5 
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that  while  the  surface  of  the  test  piece  was  increased  the  actual 
area  of  contact  was  reduced  owing  to  the  increase  in  the  extent  ^ 
of  voids  on  that  surface.    The  chief  evidence  of  these  voids  was 
that  when  the  briquettes  were  broken  large  drops  of  water  were 
found  on  the  surface  of  the  test  piece. 

ADHESION  OF  CEMENT  MORTARS  TO  STEEL. 

Table  5  and  Plate  6  show  the  results  of  tests  of  the  adhe- 
sion of  the  cement  mortars  to  steel.    They  show  that  the  adhesive 
strength  of  the  richer  mortars  decreases  with  age  and  that  the 
decrease  becomes  less  rapid  as  the  mortars  become  leaner  until , 
for  the  1j3  mortar,  the  strength  is  practically  constant  for  all 
ages.    The  tests  of  the  1:0  mortar  were  made  in  the  Riehl4  machine;' 
had  they  been  made  in  the  Fairbanks  machine,  they  probably  would 
have  shown  a  somewhat  higher  average  strength. 

Table  6  shows  the  adhesive  strength  of  the  various  mortars 
in  per  cent  of  their  cohesive  strength.    The  results  are  somewhat 
variable  but  in  general  the  adhesive  strength  of  all  the  mortars 
except  the  1:0  can  be  placed  at  about  10  or  20  per  cent  of  their 
cohesive  strength  without  regard  to  age  or  amount  of  sand. 

CONCLUSIONS . 

In  conclusion,  it  can  be  said  that  the  adhesive  strength 
of  cement  mortars  is  a  quanity  which  allows  for  no  very  exact 
statement  owing  to  the  fact  that  it  is  influenced  by  so  many  el- 
ements which  enter  into  any  test  made  on  it.    Thus  an  examination 


TABLE  5. 

Adhesion  of  Cement  Mortars  to  Steel 


in  Pounds  per  Square  Inch. 


%  Water 

21. ( 

13 . 15 

10.8 

9. 

Mortars 

1:0 

1:] 

1:J 

1:. 

Age 

Ad. 

Co. 

Ad. 

Co . 

Ad. 

Co. 

Ad. 

Co. 

7  days 

265 
180 
155 
205 

235 

730 
630 
675 
670 
615 

66 
70 
50 
70 
50 

250 

300 
250 
280 
240 

40 
48 
30 
30 
45 

190 
170 
170 
180 
190 

20 
22 
16 
16 
16 

115 
160 
125 
150 

145 

Mean 

208 

664 

61 

264 

39 

181 

18 

139 

28  days 

230 
100 
0 
0 
0 

800 
715 
860 
820 
790 

30 
48 
20 
0 
0 

275 

340 
290 
275 
320 

40 
18 

42 
16 

44 

225 
250 
350 
230 
235 

48 
48 

37 

190 
190 

205 

Mean 

66 

797 

20 

300 

32 

258 

42 

198 

56  days 

50 
0 
0 

0 
0 

780 
780 
880 
830 
740 

15 
8 
7 

0 
0 

400 
490 
400 
555 

445 

30 
45 
22 

46 
24 

250 
305 
260 
265 
310 

47 
42 

33 
45 
40 

240 
210 
220 
200 
225 

Mean 

IC 

802 

6 

458 

33 

278 

42 

219 

TABLE  6. 

Adhesion  of  Cement  Mortars  to  Steel  in  Per  cent 


of  the  Cohesive  Strength  of  the  Mortars. 


Mortars 

1:0 

1:1 

1:2 

1:3 

7  days 

31.4 

23.1 

21.5 

13.0 

28  days 

8.3 

6.7 

12.4 

21.2 

56  days 

1.2 

1.3 

11.8 

19.2 
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of  tests  by  the  writer  shows  that  very  different  values  of  adhesion 
are  obtained  by  the  use  of  different  materials  in  test  pieces  and 
that  the  effect  of  age  and  amount  of  sand  on  the  adhesion  is  marked 
but  uncertain.    An  examination  of  the  results  of  others  show  that 
the  adhesive  strength  of  mortars  is  greatly  influenced  by  the  per 
cent  of  water  and  the  kind  of  sand  used  in  them.    Therefore  our 
conclusion  in  regard  to  the  adhesive  strength  of  cement  mortars 
must  be  limited  to  mortars  made  with  a  portland  cement,  a  normal 
amount  of  water,  and  a  sand  containing  a  large  amount  of  coarse  i 
and  fine  material  but  lacking  in  intermediate  sizes.    Under  these 

i 

conditions,  the  adhesion  of  the  mortars  containing  50  per  cent  or 
less  of  sand  to  a  soft  limestone  having  a  swan  surface  can  be  | 
placed  at  50  per  cent  of  their  cohesive  strengths;  and  of  mortars 
containing  from  50  to  75  per  cent  of  sand ,  at  20  to  30  per  cent  of 
their  cohesive  strengths.    For  a  soft  quarry  faced  limestone  the 
adhesion  is  about  40  per  cent  in  the  case  of  the  neat  cement 
mortar  and  from  15  to  25  per  cent  for  the  other  mortars.    In  the 
case  of  steel,  the  adhesion  of  all  the  mortars  except  the  IsO  is 
approximately  15  per  cent  of  their  cohesive  strengths.    The  ad- 
hesion of  the  neat  cement  to  steel  is  about  30  per  cent  at  7  days 
but  decreases  rapidly  so  that  at  56  days  it  is  almost  nothing. 
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